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Epitome 

(57) [Abstract] 

[Technical problem] An electrical-potential-difference utilization factor is raised, eburnation of the rotation 
location presumption is carried out, a controllability is raised [ the effect of a motor property is reduced 
sharply, ], and, moreover, reduction of the noise and improvement in effectiveness are attained. 
[Means for Solution] While the motor model is set up, consider a motor current and an electrical potential 
difference as an input. The location and the rate presumption section 6 which performs a predetermined 
operation and presumes the rotational speed of a rotator, and the rotation location of a rotator. The speed- 
control section 7 which performs a speed-control operation by considering the rate command given from the 
presumed rate and the outside as an input, and outputs a current command, The wave generating section 8 
which generates the wave signal corresponding to the harmonic component of arbitration for the presumed 
rotation location as an input. A current control operation is performed by considering the addition result by the 
adder unit 9 adding a current command and a wave signal, and the adder unit 9, a motor current, and a rotation 
location as an input, an electrical-potential-difference command is outputted, and it has the current control 
section 10 supplied to an inverter 3. 
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CLAIMS 



[Claim i?The brushless DC motor control approach which is the approach of ^^--^"^'^"f"^'^^'^^^^^ 
of rotator using a motor current an electrical potential difference, and a dev.ce constant, and controlling a 
IshSS DC miorT4X on a rotation location presumption result, and is characterized by cons.denng as 
fhTwave on whi?h the harmonic component of arbitration superimposed the output current of an inverter (3). 

[Cl^mTThf bHtrS^^^ control approach which is the approach of presuming the rotation location 
S aTotator ushiTa^r^^ current, an electrical potential difference, and a device constant and controlling a 
^rushSss DC miorT4) based on a rotation location presumption result, and is characterized by determmmg 
JhTetciical pTential difference which should be superimposed on a brushless DC motor (4) using a rotation 

Sm 3f T^X^^^^^ motor control approach according to claim 1 or 2 which controls an "(3) to 

brinTan output voltage wave close to a square wave in order to make the fundamental-wave component of 
X^ volSge increase when the output voltage of an inverter (3) reaches a marginal electrical potential 

[ClaTmTThe brushless DC motor control approach according to claim 3 which controls the gain for inverter 
r-nSml iat ^eTncr^ rate of the fundamental-wave component contained in the output voltage wave 
rvrltcrtmrntran Xut voltage command should be made fixed when the output voltage of an inverter 
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CC^^^t^he3t:'D0t»" -V of olai.^Cal. 4 which presumes , 

7f;r*t™de, is *e brushless DC .oto. contro, approach according to claim 5 which is a 
^."flArshTet DC motor (4) is the brusNoss DC motor control approach ^ven in an, of claim 1 to 

-rr^t^trrrn—rmt:^^^^^^^^^^ - — — 

difference, and a device constant. 4.^^:,^^ u„ Hp included the applied-voltage decision 

^-:s;?!srarrh,°h^r™rrr^^^ 

the rotation location of a rotator and controls a ^J^^^^'f/^f location presumption 

rrrtra^taLtct^^^^^^^^^^^ ^^^^ electriC potential difference. 

K»T^^^^^^^^^^^^ DC motor control unit a.^^^^^^^^^^^ ^z^::^^ 

Inverter (3) reaches a marginal electrical potential ^;Jf:!"^r)C motor c^^ unit according to claim 11 which is 
[Claim 12] Said '-erter control means (1 2) is a br sP^^^^^ component 

Xn 'the :u;'ut:o.t^age of a^ inve.er (3) reaches ,.en in anv of 

clir^^^rr^n r^n^atlo^^^^^^^^^ operation and .Iter operation hased on a 
TcZurAl^:':^^^^^ is a brushless DC motor control unit according to claim 13 which is a 

[ST^rm'o^^^^^^^^ is a brushless DC motor control unit according to claim 13 which is a fixed 

faalm 1 6] rbJuihless DC motor (4) is a brushless DC motor control un. given in any of claim 9 to claim 1 5 
which is a brushless DC motor for a compressor drive (4) they are. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[RdL the Invention] If it says further a detail about the brushless DC motor control approach and its 
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equipment, this invention presumes the rotation location of a rotator, w^ut usine a sensor «nH r.l«t<.o *u 
[0002] 

i?rv?e^Lm\^h' f"°'' '"'"^hless DC motor is adopted as a driving source of various kinds 

^eSricaHotrntiaf Z""^"' the operating-range expansion by the improvement in an 

nois^HzatiorL?^ ll^'T ^l?'^'' ^^^^'^"^°^^^^^'on). efficient-izing. and a controllability and low 

noise ization are demanded from this brushless DC motor, that eburnation is demanded when performing 

rZZT.:^ '"f'^^,^'-^''''^!^y -k-^ unnecessary the sensor for detecting the rotation locaS a ' 
rotator, cost cut, and sensor loess control. 

[0003] And as the brushless DC motor control approach for satisfying such a demand, as shown in (1 "sensor 
loess control of an IPM motor ). the motor technical symposium B-5. and 1999/3. the sensorbess vector 
senslr the disturbance observer which considers induced voltage as disturbance is proposed ™s 

X^aroVerdUa w' ' ''"""^^"^^ ^''^^^^^ ™^ ^'"^ '--t control 

[0004] Moreover, while observing the induced voltage of the non-energized phase of a motor and detecting a 
rbrusHefs' DP " '""/on^I^'' ^^"'"^ '^^^^ -"-•'S'^^d to the st^or win'ng of 

conJ^ol and oon?.7 f m ""^f^T"' ''^ ""^^"'^^ °^ performing eleotrical-potential-dlfference phase 
control and controllmg a brushless DC motor is also proposed 

t^e°(3) co^S;X°ushll's DC 'r^l'^ ^''^ °^ '^^'^^ °' " stator winding when Y connection of 

Toten^lTe iDoril^^^ ^^T'^^ '"^ ^"'^^''"^ " fr^'" "«"tral point 

S^motoVTs af^^^^^^^^^^^ armature-voltage control or current control, and controlling a brushless 

[0006] 

cannotTel'ierefon^^^^ ""^^ ^" electrical-potential-difference utilization factor 

cannot be gathered on the relation which uses current control when the approach of (1) is adooted it is 

[0007] When the approach of (2) is adopted, energization width of face cannot be expanded on the relation 
wh ch observes the induced voltage in a non-energized phase, but there is un-arranging [ that an e ectr cal- 
potential-difference utilization factor cannot be gathered ]. Moreover, there is also un-arran?nr[ tha^^^^^^^^^ 
iT'tT^t r « t^^trical-potential-difference phase is small, and cannot operate eSSl ,PM (brush,ess 
dlTtt ^"''^^dded magnet structure) ]. Furthermore since rotation .ocation 

etrtio^'^fX'cfnt^^^^^ f - ^ carr^d out 

ioo^ScTof rrt"- " T\ "?\f "^'-.^^^ un-arranging like [ in the case of observing induced voltage ] when the 
approach of (3) is adopted, there .s un-arranging [ that a controllability may change with motor structure and 
motor properties a lot and the motor which cannot be operated may exist ]. Moreover, s.rrroStTon locatbn 

tZTonV.^:^^^^^^ ^"'^ ' ^''^-'^ i also'r Hed oT 

[0009] 

[Objects of the Invention] It aims at offering the brushless DC motor control approach that the eburnation of 
m^provement in an electrical-potential-difference utilization factor, a noise reduction, the improvement n 
effectiveness, and control can be attained, and its equipment, without making this invention in vLTo? the 
[0010]""'^ ^""^ ^^'"^ influenced [ most ] of a motor property 

[iVleans for Solving the Problem] In presuming the rotation location of a rotator using a motor current an 
electrical potential difference, and a device constant, and controlling a brushless DC r^oTor baseTon a rotation 

into the" rveTnt^h V'' """'"'^^ ^^'^^^^^'^ ^ approach of mak^? ^ 

:r the tave o^^^^^^^^^ ^^"^''^"^"^ superimposed the output current of an inverter. 

inH^J P'^^"'"'"/ '■°.*^t'°" '°°ation Of a rotator using a motor current, an electrical potential difference 

the brusMe^VDC mT^^^^^^^ ' ^"f I^^^ ''^^^^ °" ^ presu^^^^^^TJ^t 

dWerence wLh shou^^^^ "''^''''"'^ ^ ""'"'^^^^ determining the electrical potential 

result supenmposed on a brushless DC motor using a rotation location presumption 

[0012] When the output voltage of an inverter reaches a marginal electrical potential difference, the brushless 
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DC motor control approach of chm^S is the approach of controlling an iny^^^r to bring an output voltage 
wave close to a square wave sJ^^ it may make the fundamental-wave iBK>onent of output voltage 
increase. 

[0013] The brushless DC motor control approach of claim 4 is the approach of controlling the gain for inverter 
control that the increment rate of the fundamental-wave component contained in the output voltage wave 
over the increment in an output voltage command should be made fixed, when the output voltage of an inverter 
reaches a marginal electrical potential difference. 

[0014] The brushless DC motor control approach of claim 5 is an approach of presuming a rotation location by 
the operation and filter operation based on a motor reverse model. 

[0015] The brushless DC motor control approach of claim 6 is the approach of adopting a rotational- 
coordinates model as a motor reverse model. 

[0016] The brushless DC motor control approach of claim 7 is the approach of adopting a fixed coordinate 
model as a motor reverse model. 

[0017] The brushless DC motor control approach of claim 8 is the approach of adopting the brushless DC 
motor for a compressor drive as a brushless DC motor. 

[0018] Using a motor current, an electrical potential difference, and a device constant, the brushless DC motor 
control unit of claim 9 presumes the rotation location of a rotator with a rotation location presumption means, 
controls a brushless DC motor based on a rotation location presumption result, and includes the wave setting 
means made into the wave on which the harmonic component of arbitration superimposed the output current 
of an inverter, or the wave of output voltage. 

[0019] The brushless DC motor control unit of claim 10 presumes the rotation location of a rotator using a 
motor current, an electrical potential difference, and a device constant, controls a brushless DC motor based 
on a rotation location presumption result, and includes an applied-voltage decision means to determine the 
electrical potential difference which should be superimposed on a brushless DC motor using a rotation location 
presumption result. 

[0020] When the output voltage of an inverter reaches a marginal electrical potential difference, the brushless 
DC motor control device of claim 1 1 includes further the inverter control means which controls an inverter to 
bring an output voltage wave close to a square wave so that it may make the fundamental-wave component of 
output voltage increase. 

[0021] As said inverter control means, when the output voltage of an inverter reaches a marginal electrical 
potential difference, what controls the gain for inverter control that the increment rate of the fundamental- 
wave component contained in the output voltage wave over the increment in an output voltage command 
should be made fixed is used for the brushless DC motor control device of claim 1 2. 

[0022] What presumes a rotation location by the operation and filter operation based on a motor reverse model 
as said rotation location presumption means is used for the brushless DC motor control device of claim 13. 
[0023] A rotational-coordinates model is used for the brushless DC motor control device of claim 14 as a 
motor reverse model. 

[0024] A fixed coordinate model is used for the brushless DC motor control device of claim 1 5 as a motor 
reverse model. 

[0025] The brushless DC motor for a compressor drive is used for the brushless DC motor control device of 

claim 16 as a brushless DC motor. 

[0026] 

[Function] If it is the brushless DC motor control approach of claim 1 , the rotation location of a rotator will be 
presumed using a motor current, an electrical potential difference, and a device constant. In controlling a 
brushless DC motor based on a rotation location presumption result Since the output current of an inverter or 
the wave of output voltage is made into the wave which the harmonic component of arbitration superimposed 
An electrical-potential-difference utilization factor can be raised, eburnation of the rotation location 
presumption can be carried out, a controllability can be raised [ the effect of a motor property can be reduced 
sharply, ], and, moreover, reduction of the noise and improvement in effectiveness can be attained. 
[0027] If it is the brushless DC motor control approach of claim 2, the rotation location of a rotator will be 
presumed using a motor current, an electrical potential difference, and a device constant. In controlling a 
brushless DC motor based on a rotation location presumption result Since the electrical potential difference 
which should be superimposed on a brushless DC motor using a rotation location presumption result is 
determined An electrical-potential-difference utilization factor can be raised, eburnation of the rotation 
location presumption can be carried out, a controllability can be raised [ the effect of a motor property can be 
reduced sharply, ], and, moreover, reduction of the noise and improvement in effectiveness can be attained. 
[0028] Since an inverter is controlled to bring an output voltage wave close to a square wave in order to make 
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the fundamental-wave compone|*|f output voltage increase when it was^^^brushless DC motor control 
approach of claim 3 and the ourj^^/oltage of an inverter reaches a margn^Klectrical potential difference, in 
addition to an operation of claim 1 or claim 2, an operating range is expandable to a high-speed side. 
[0029] Since the gain for inverter control is controlled that the increment rate of the fundamental-wave 
component contained in the output voltage wave over the increment in an output voltage command should be 
made fixed when it was the brushless DC motor control approach of claim 4 and the output voltage of an 
inverter reaches a marginal electrical potential difference, in addition to an operation of claim 3, destabilization 
of control and degradation of a controllability can be controlled sharply. 

[0030] If it is the brushless DC motor control approach of claim 5, since a rotation location is presumed by the 
operation and filter operation based on a motor reverse model, in addition to operation [ which / of claim 1 to 
claim 4 ], the precision of rotation location presumption can be raised. 

[0031] If it is the brushless DC motor control approach of claim 6, since a rotational-coordinates model is 
adopted as a motor reverse model, the same operation as claim 5 can be attained. 

[0032] If it is the brushless DC motor control approach of claim 7, since a fixed coordinate model is adopted as 
a motor reverse model, the same operation as claim 5 can be attained. 

[0033] If it is the brushless DC motor control approach of claim 8, since the brushless DC motor for a 
compressor drive is adopted as a brushless DC motor, in addition to operation [ which / of claim 1 to claim 7 ], 
the reduction in the noise and efficientHzation can be attained. 

[0034] In presuming the rotation location of a rotator with a rotation location presumption means using a motor 
current, an electrical potential difference, and a device constant, and controlling a brushless DC motor based 
on a rotation location presumption result, if it is the brushless DC motor control unit of claim 9, it can consider 
as the wave on which the harmonic component of arbitration superimposed the output current of an inverter, 
or the wave of output voltage with the wave setting means. 

[0035] Therefore, an electrical-potential-difference utilization factor can be raised, eburnation of the rotation 
location presumption can be carried out, a controllability can be raised [ the effect of a motor property can be 
reduced sharply. ], and, moreover, reduction of the noise and improvement in effectiveness can be attained. 
[0036] In presuming the rotation location of a rotator using a motor current, an electrical potential difference, 
and a device constant, and controlling a brushless DC motor based on a rotation location presumption result, if 
it is the brushless DC motor control unit of claim 10, the electrical potential difference which should be 
superimposed on a brushless DC motor with an applied-voltage decision means using a rotation location 
presumption result can be determined. 

[0037] Therefore, an electrical-potential-difference utilization factor can be raised, eburnation of the rotation 
location presumption can be carried out. a controllability can be raised [ the effect of a motor property can be 
reduced sharply, ], and, moreover, reduction of the noise and improvement in effectiveness can be attained. 
[0038] Since the inverter control means which controls an inverter is further included so that an output 
voltage wave may be brought close to a square wave in order to make the fundamental-wave component of 
output voltage increase when it was the brushless DC motor control device of claim 1 1 and the output voltage 
of an Inverter reaches a marginal electrical potential difference, in addition to an operation of claim 9 or claim 
10, an operating range is expandable to a high-speed side. 

[0039] If it is the brushless DC motor control device of claim 12, since what controls the gain for inverter 
control that the' increment rate of the fundamental-wave component contained in the output voltage wave 
over the increment in an output voltage command should be made fixed is adopted when the output voltage of 
an inverter reaches a marginal electrical potential difference, in addition to an operation of claim 11, 
destabilization of control and degradation of a controllability can be sharply controlled as said inverter control 
means. 

[0040] If it is the brushless DC motor control device of claim 13, since what presumes a rotation location by 
the operation and filter operation based on a motor reverse model as said rotation location presumption means 
will be adopted, in addition to operation [ which / of claim 9 to claim 12], the precision of rotation location 
presumption can be raised. 

[0041] If it is the brushless DC motor control device of claim 14, since a rotational-coordinates model is 
adopted as a motor reverse model, the same operation as claim 13 can be attained. 

[0042] If it is the brushless DC motor control device of claim 15, since a fixed coordinate model is adopted as 
a motor reverse model, the same operation as claim 13 can be attained. 

[0043] If it is the brushless DC motor control device of claim 16, since the brushless DC motor for a 
compressor drive is adopted as a brushless DC motor, in addition to operation [ which / of claim 9 to claim 
15 ], the reduction in the noise and efficientHzation can be attained. 
[0044] 
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[Embodiment of the Invention] y^^fte^ with reference to an accompan\|^^drawing, the mode of operation of 
the brushless DC motor control^^^oach of this invention and its equipmoBPis explained to a detail. 
[0045] Drawin g 1 is the block diagram showing one embodiment of the brushless DC motor control device of 
this invention. 

[0046] The converter 2 which this brushless DC motor control device considers AC power supply 1 as an 
input, and obtains direct current power. The inverter 3 which obtains alternating current power by considering 
this direct current power as an input, and is supplied to a brushless DC motor 4, While current detecting- 
element 5a which detects the motor current supplied to a brushless DC motor 4, electrical-potential- 
difference detection means 5b which detects the electrical potential difference in the terminal of a brushless 
DC motor 4, and a motor model are set up The location and the rate presumption section 6 which performs a 
predetermined operation by considering a motor current and an electrical potential difference as an input, and 
presumes the rotational speed (a rate is only called hereafter) of a rotator, and the rotation location {the Rota 
location (theta) is called hereafter} of a rotator. The speed-control section 7 which performs a speed-control 
operation by considering the rate command given from the presumed rate and the outside as an input, and 
outputs a current command, The wave generating section 8 which generates the wave signal corresponding to 
the harmonic component of arbitration for the presumed Rota location Ctheta) as an input, A current control 
operation is performed by considering the addition result by the adder unit 9 adding a current command and a 
wave signal, and the adder unit 9, a motor current, and the Rota location Ctheta) as an input, an electrical- 
potential-difference command is outputted, and it has the current control section 10 supplied to an inverter 3. 
[0047] Drawing 2 is the block diagram showing an example of the configuration of said location and rate 
presumption section 6. 

[0048] The three-phase-circuit ->gammadelta transducer 61 which this location and rate presumption section 
6 consider a three-phase-circuit electrical potential difference as an input according to the Rota location 
Ctheta), performs gammadelta conversion (several 1 reference), and outputs gammadelta electrical-potential- 
difference vector, The three-phase-circuit ->gammadelta transducer 62 which performs gammadelta 
conversion by considering a three-phase-circuit current as an input according to the Rota location Ctheta), 
and outputs gammadelta current phasor. The motor reverse model section 63 which outputs an electrical- 
potential-difference vector by considering gammadelta current phasor as an input. The difference calculation 
section 64 which computes the difference of the electrical-potential-difference vector outputted from the 
motor reverse model section 63, and the electrical-potential-difference vector outputted from the three- 
phase-circuit ->gammadelta transducer 61, It has the filter 65 which considers the difference outputted from 
the difference calculation section 64 as an input, the location presumption section 66 which presumes the 
Rota location (theta) by considering the output from a filter as an input, and the differential section 67 which 
performs differential processing by considering the Rota location Ctheta) as an input, and outputs a rate. 
[0049] 
[Equation 1] 



C r$) =a/-^ fcos^O cos(" fl-2re/3) cosC0+27c/3) 
3 [-sin'^O -sinCe-27c/3) -sinC © +27c/3) 



= C Cfl) V 



[0050] In this case, the Rota location (theta) can be presumed using a rotational-coordinates motor model. 
[0051] In this drawing and the following drawings **** coordinate In addition, 2 phase rectangular cross fixed 
coordinate. In gammadelta coordinate, "theta rotational coordinates and theta a presumed electrical angle rate 
and v3 for an electrical angle and "omega A three phase electrical potential difference. In i3, three phase 
current and vgammadelta gammadelta shaft current and epsilongammadelta for gammadelta shaft electrical 
potential difference and igammadelta gammadelta shaft induced voltage, alphal and betal d shaft inductance 
and Lq for the pole of a filter transfer function, and Ld q shaft inductance, R an armature flux linkage and 
ktheta for armature resistance and phi Feedback gain, The error of a motor model and a real motor and " show 
a sensor value, " shows estimate, respectively, and the function and delta to which in s a differential operator 
and ||-|| return - if x is forward and the square root of the square sum and sign (x) are + and negative are given 
like several 2. 
[0052] 
[Equation 2] 
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[0053] Drawing 3 is the block diagram showing an example of the configuration of said wave generating section 

8. . 

[0054] This wave generating section 8 A 1/N degree harmonic a 1 /secondary harmonic, a zero-order 

harmonic. While having the 1/N degree harmonic storage section which has memorized the amplitude of a 

primary harmonic, a secondary harmonic the n-th harmonic, and a phase the 1 /secondary harmonic 

storage section, the zero-order harmonic storage section, the primary harmonic storage section, the 

secondary harmonic storage section the n-th harmonic storage section By supplying the Rota location 

(theta) to these storage sections, it has the adder unit adding the amplitude read from each storage section, 
and the result of having added the read-out value from all the storage sections is outputted as a wave signal. 
[0055] The operation of the brushless DC motor control unit of the above-mentioned configuration is as 

follows. I • I 

[0056] The Rota location ftheta) and a rate can be presumed by detecting a motor current and an electrical 
potential difference, and supplying a location and the rate presumption section 6. 

[0057] And a current command can be obtained by supplying the presumed rate to the speed-control section 

[0058] Moreover, the wave signal showing the harmonic component of arbitration is generated by supplying the 
Rota location Ctheta) to the wave generating section 8. 

[0059] Thus, while adding the current command and wave signal which were acquired and supplying the current 
control section 10, a motor current and the Rota location C'theta) are also supplied to the current control 
section 10. an electrical-potential-difference command is obtained, an inverter 3 is controlled, and a brushless 
DC motor 4 is controlled by supplying the output from an inverter 3. 

[0060] Therefore, an electrical-potential-difference utilization factor can be raised, eburnation of the rotation 
location presumption can be carried out. a controllability can be raised [ the effect of a motor property can be 
reduced sharply. ]. and. moreover, reduction of the noise and improvement in effectiveness can be attained. 
[0061] In addition, although it is made to carry out direct detection of the electrical potential difference, you 
may make it presume from the PWM pattern for driving an inverter 3 etc. in this embodiment. 
[0062] Drawing 4 is the block diagram showing other examples of the configuration of a location and the rate 
presumption section 6. 

[0063] The point that this location and rate presumption section 6 differ from the location and the rate 
presumption section 6 of drawing 2 greatly is a point which replaced with the rotational-coordinates motor 
model and adopted the fixed coordinate motor model. 

[0064] The three-phase-circuit ->2 phase transducer 71 which this location and rate presumption section 6 
consider a three-phase-circuit electrical potential difference as an input, and outputs **** electrical- 
potential-difference vector. The three-phase-circuit ->2 phase transducer 72 which outputs **** current 
phasor by considering a three-phase-circuit current as an input. A difference with the electrical-potential- 
difference vector which acquires an electrical-potential-difference vector by considering **** current phasor 
as an input, and is outputted from the three-phase-circuit ->2 phase transducer 71 is computed. The motor 

file://C:¥Documents%20and%20Settings¥mmckeever¥My%20Documents¥JPOEn¥JP-A-2002-1 36... 1 /21 /2005 



JP--A-2002-1 361 72 * Page 1 0 of 1 3 

reverse model section 73 which^^|jputes a difference with the processir^^sult based on **** current 
phasor and q shaft inductance ll^Prter finding the integral, It has the RotSRation calculation section 74 
which performs tan-1 processing to the output from the motor reverse model section 73, and outputs the Rota 
location Ctheta), and the differential section 75 which performs differential processing by considering the Rota 
location Ctheta) as an input, and outputs a rate. 

[0065] Also in this case, the Rota location Ctheta) and a rate can be presumed like the location and the rate 
presumption section 6 of d rawin g 2 . 

[0066] Drawing 5 is the block diagram showing other examples of the configuration of the wave generating 
section 8. 

[0067] In this wave generating section 8, since the wave memory which memorizes the amplitude according to 
the Rota location (theta) is prepared, a configuration can be simplified as compared with the case of drawing 
3 . 

[0068] Here, as the wave memorized by wave memory is shown in drawin g 6 , the Rota location (theta) is the 
change wave of the amplitude corresponding to the range to 0-2pi. 

[0069] However, the wave-like die length memorized by wave memory is set up according to the harmonic 
needed. For example, when a 1 /secondary harmonic is required, the change wave of the amplitude to 0-4pi is 
memorized. Moreover, what is necessary is to memorize only the wave of the minimum die length which can be 
presumed from symmetric property, in order to reduce memory space. For example, when a 1 /secondary 
harmonic is required, the change wave of the amplitude to 0-4pi is memorized. 

[0070] Drawing 7 is the block diagram showing other embodiments of the brushless DC motor control device of 
this invention. 

[0071] The points that this brushless DC motor control device differs from the brushless DC motor control 
device of drawi n g 1 are only the point which adopted speed-control section T which replaces with the speed- 
control section 7, performs a speed-control operation by considering a presumed rate, the Rota location 
Ctheta). and a rate command as an input, and outputs an electrical-potential-difference command, and a point 
of having omitted the current control section 1 0. 

[0072] When the brushless DC motor control unit of this configuration is adopted, a motor current and an 
electrical potential difference are detected, and the Rota location Ctheta) and a rate are presumed by the 
location and the rate presumption section 6. 

[0073] And an electrical-potential-difference command is computed based on the presumed Rota location 
Ctheta), a rate, and a rate command. 

[0074] On the other hand, a wave signal is generated based on the Rota location Ctheta), it adds with an 
electrical-potential-difference command, an electrical-potential-difference command is amended, an inverter 3 
is supplied, an inverter 3 is controlled, and a brushless DC motor 4 is controlled by supplying the output from 
an inverter 3. 

[0075] In this case, even if a voltage waveform is a sine wave, in response to the property of a motor, or the 
effect of a load, a current wave form becomes a non-sinusoidal wave. However, in a location and the rate 
presumption section 6. since the Rota location Ctheta) is presumed using the motor reverse model and the 
filter, the presumed precision of the Rota location can be raised. 

[0076] Therefore, an electrical-potential-difference utilization factor can be raised, eburnation of the rotation 
location presumption can be carried out, a controllability can be raised [ the effect of a motor property can be 
reduced sharply, ]. and, moreover, reduction of the noise and improvement in effectiveness can be attained. 
[0077] Drawing 8 is the block diagram showing the embodiment of further others of the brushless DC motor 
control device of this invention. 

[0078] The point that this brushless DC motor control device differs from the brushless DC motor control 
device of drawing 1 is only a point which supplies the electrical-potential-difference command outputted from 
the current control section 10 to an inverter 3 through a voltage limiter 11. 

[0079] The operation at the time of adopting the brushless DC motor control unit of this configuration is as 
follows. 

[0080] Since an electrical-potential-difference command is supplied to an inverter 3 as it is when the 
electrical-potential-difference command has not crossed the electrical-potential-difference limitation set as 
the voltage limiter 1 1 , the same operation as the brushless DC motor control unit of drawing 1 can be attained. 

[0081] On the contrary, since an electrical-potential-difference command clips to an electrical-potential- 
difference limitation and {referring to the (A) in drawin^^^^ } and a square wave are approached as shown in 
drawing 9 which shows only a part for single phase when an electrical-potential-difference command crosses 
the electrical-potential-difference limitation set as the voltage limiter 11. inverter output voltage also 
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' h "o . cn..«rP wave lrefe/^(C) in drawing 9 }. Consequently. ever|^ is the same output marginal 

{referring to the (B) in drawing.9 ) and a brushless DC motor 4 can be "Ponded to a ^'^^ 

rel^j^reSe,:r:^s^^^^ 
ESS^dr-ttrpS-^iTer"^^^^ 

BOSa rvli^gT^ra *c\S^^^^ showin, the embodiment of fi,-ther others of the brushles. DC motor 
section 12 Sfmen^ electrical-potential-difference command so that the ^f^/f ^ 

rr,3r':::Sor=,^dr=^^^^^^ 

correction factor for example, to an electrical-potential-difference command. 

eScaT-pZtial-difference correction factor choose according to an electncal-potent.al-d.fference 
U 1 In addition, among drawjnjj[4 . (C) shows an electrical-potent.al-d.fFerence command and (D) shows 

be made to increase to a linear, and destabilization of control and degradation of a controllability can 
controlled sharply. In addition. (D) shows output voltage among drawing 15 • HifFerence bv 

m095] Moreover, the reduction in the noise and efficient-ization can be attained by superimposing the 
harmonic component of arbitration on a current and a voltage waveform. 

[Effect of the Invention] An electrical-potential-difference utilization factor can be raised, and it can carn^ out 
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noke and imDrovement in effectillBess can moreover be attained. 

rOMVl An X^rknotential-JBence utilization factor can be raised. Wt can carry out eburnafon of the 
oLtl 1":^^^^^ cTaise [ invention of claim 2 can reduce the effect of a -tor P^^^^^^^^^^ 

sharply. ] a controllability, and does so the characteristic effectiveness that reduction of the no.se and 
improvement in effectiveness can moreover be attained. ^ , • o <=n fh^ rharacteristic 

[0098] In addition to the effectiveness of claim 1 or claim 2. invention of claim 3 does so the characteristic 
effectiveness that an operating range is expandable to a high-speed side. ^ff^rtivpness 
[0099] In addition to the effectiveness of claim 3. invention of claim 4 does so the characteristic effectiveness 
that destabilization of control and degradation of a controllability can be con roHed sharply^ characteristic 
[0100] In addition to which effectiveness of claim 1 to claim 4. invention of claim 5 does so the characteristic 
effectiveness that the precision of rotation location presumption can be raised. 
[0101] Invention of claim 6 does so the same effectiveness as claim 5. 

rnin9l invention of claim 7 does so the same effectiveness as claim 5. . , ^ • 

S1S3] iraddltion to 1 effectiveness of claim 1 to claim 7. invention of claim 8 does so the charactensfc 
effectiveness that the reduction in the noise and efficient-ization can be attained. 

[O^^Ta" electHcah^ utilization factor can be raised, and it can carry out eburnation of the 

oJf^L loctit presumption, can raise [ invention of claim 9 can reduce the effect of a motor property 
sh^P^y ] a controllability and does so the characteristic effectiveness that reduction of the no.se and 

imnrovement in effectiveness can moreover be attained, 

[OlTsfAn lctri"al-potential-differe utilization factor can be raised, and it can carry out eburnation of the 
SL loction presumption, can raise [ invention of claim 10 can reduce the effect of a -tor P^^^^^^^^ 
sharply. ] a controllability, and does so the characteristic effectiveness that reduction of the noise and 
improvement in effectiveness can moreover be attained 1 1 ovnanH «n ooeratine 

[0106] The characteristic effectiveness referred to as that invention of claim 1 1 can expand an operating 
ranee to a high-speed side in addition to the effectiveness of claim 9 or claim 10 is done so 
S^07] In addition to the effectiveness of claim 1 1 . invention of claim 1 2 does so the characteristic 
Se Jienes^^^^^^^^ destabilization of control and degradation of a controllability -n be controlled sharply. 
[0108] In addition to which effectiveness of claim 9 to claim 12. invention of claim 13 does so the 
characteristic effectiveness that the precision of rotation location presumption can be raised. 
[0109] Invention of claim 14 does so the same effectiveness as claim 13. 
[01 1 0] Invention of claim 1 5 does so the same effectiveness as claim 1 3. 

[0111 In addition to which effectiveness of claim 9 to claim 15. invention of claim 16 does so the 
characteristic effectiveness that the reduction in the noise and efficient-ization can be attained. 



[Translation done.] 
* NOTICES * 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
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DESCRIPTION OF DRAWINGS 



[ISSIs ^h:'btck rg"^ one embodiment of the brushless DC motor control device of this 

i:Drawing 2] It is the block diagram showing an example of the configuration of a location and the rate 

[S^nf 3Tltts1he"block diagram showing an example of the configuration of the wave p--^"^ -^^^^^ 
r5rawing'4] It is the block diagram showing other examples of the configuration of a location and the rate 
presumption section. 
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[Drawing 5] It is the block diagr^owlng other examples of the conf.gu||^ of the wave generating section. 
[Drawing 6] It is drawing showing a wave-like example memorized by wave /nemory. 

mrayy^ng'?] It is the block diagram showing other embodiments of the brushless DC motor control dev.ce of 

^SSTlt is the block diagram showing the embodiment of further others of the brushless DC motor 

control device of this invention. r ^„ 

[Drawing 9] It is drawing explaining the increment in a fundamental-wave component with the clip of an 

electrical-potential-difference command. ^«^r>r^r,or»+ 
[Drawing 10] It is drawing explaining the output limitation when not mcreasmg « f""^^'"^';*^';^^^ 
FDrawing l l] It is drawing explaining expansion of an operating range with the clip of an electrical-potential 

tZ 7wZ ^2]T\!the block diagram showing the embodiment of further others of the brushless DC motor 

control device of this invention. t^^*.^^ 

[Drawing 13] It Is drawing showing an example of an electricai-potentiahdifference correction factor. 

\d7^13 It is drawing explaining the reduction of a fundamental-wave component to the electrical 

potential-difference command with the clip of an electrical-potential-difference command. 

rPrawinglS] It is drawing explaining the relation between the electrical-potential-d.fference command after 

amendment and inverter output voltage. 

[Description of Notations] 

3 Inverter 4 Brushless DC Motor 

6 Location and Rate Presumption Section 7 T Speed-Control Section 
8 Wave Generating Section 9 Adder Unit 

11 Voltage Limiter 12 Electrical-Potential-Difference Amendment Section 
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S3tB-»r 5^g|gP6 r ^^■^^ h JV^A^i 

*ffm-rsii#aigiJ6 4<!:, ^SLmsi56 4*^6a:tj3n 

*A:*7i ura-^ffea (0) ©«3e«rtf ^fiia«i«gp 
6 6 D-^fia c ' 0 ) *A;»jt Lra»ftffl:&?f 

[0049] 

[»1] 

9-2ji/3) cosrfl+2jt/3) 
fi -2 w /3) -sinC « +2 »t /3) 



'>J 



6 + . :&?c6-*iI-rMI^. AW^-^r^T'Jl'itSI^:- 

L/. !gc2<DJ:5«:-^ite)n^, 
[0052] 



v,»= [v, 

i »»= C i T 
e Ta= [ e , 
v.*= [v». 

i mt— a y. 

Va = [Va. 

is = [in. 
0 

la 



Li = 



. i.] ^ 
. £ .] ^ 

V,] ^ 

i*] ' 
V,. Vw] * 

i i -] ^ 

o' 



a 1 



0 

at t 
O 



-1, 

0 . 
0 

$ T 

0' 
i3. 



[00531 03 «B0^?^l6*a58 ©t»fiS©— 

[0054] C©?fi?^|g^aJ8 tt. 1 /N^^iijffi. • • 
i/2^XiS2S. 0^^^. 2;XiSjg[. • 

jsaettSiJv • • i/2^xi9ieietsse. o^xie^gett 

jSiBiftg|5*WLri>-2>ii4){c. n-3ffitg (0) *sc 

[0 05 5] ±ia©«fiE©:/^JxUXDC*-:>*IJffll$^ 

[0 05 6 3 *-^^iJS*jJ:J>*miI^t^tHl.t:fi[g- jS 
g«5£se 6 (c«$&-r s c i tc J: ^ r D - 5ifl[a ( - 0 ) 
*j J: umm^m^t ^ c i ^ -s, 

[ 0 0 5 7 ] ^- Ut:. «e£3tlfciia[«raSE|lJ®gP7 {C 

#ti^-r -S C i tc J; 9 «iifEtg^=£f# ^ C i *i-C * . 
[0058] t^fc. U—^im. ( " 0 ) €:?g??^^^gl58 
^m^fi> C <!: (C J; 19 . ffiS©gS?^^*«-r?g^»$«# 

[0 05 9] ccD^'yichxnhnfcfm^'^tmMm 
-5ffiife*j<fcyfn-t><as (-0) ^i>mm&m\ o 

«:«i^Urm)EJg^<&f#-C>r>>'t-5r3**««9U. 

[0 06 0] [^fcifir,X. ^fttffi^*|nl±3-i*4Ci 

*i-c^> *-^S'!|ftt©^*;^ipiK:®S-r5Ci3{»st? 
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[006 1] J&fc. C©j|i6SI«l«C*Jt»r». IIEE€rl[ 

[0062] a4»&S • ]£S[%£Sli6©^g«©fl<!©^ 

[0063] C©fl[g • 2SJi^gP6*^02©fi[g • jl 

10 fcf^iAr it^^)V=S:mm bfc^-c* -5. 
[0064] C ©tig • 3gJfl«gP6 it. 3 tamiE?: A 

tUXmK^i> hJb*^r3ffi-2ffi^g|57 i*>6ai 

< «iai»fi*<!:©M*»wr 4*- ara!*f"jua»7 a i . 
20 ^n^xu-nQs (,'9) ^mt}ri>vi'-i'&mMm 

mi At. n-3?fiig (- 0) *A^iU-C»»«Hl* 

n-yxm&iimti-r^m^m 5 i^wurt^-s. 

[0 06 5] C©i»^{Cfc02®<ag • jtaii^gP6<!: 

[ 0 0 6 6 ] ^ 5 itmM^m<omm<om<Dm^-r 

■:f\2y{/mX$>?>, 

[0 06 7] c©jg^$^SB8«:*$(,»r«. a-^?fiig 
30 ©-C. a3©»^iJt«8ur«^*iafWk-r*c43&J'c 
[0 06 8] cc-r. «9^y*';«:fett5n&iejg«. 

06(C^-rJ:^(C, o-:J?fi[g (0) *so~2 
[0069] fc/cL/. jg9f^^^r';«:fBft3n-5jSJ^©ft 

/ 2 ;^iajS*i'i:>S^c«^{c « . 0 - 4 tc a; r©jSi*i©^ 

40 ntf<t(,>. i/2;>:is?g*ti:«^«^tc». 0 

~4 7c*-c©|g*i©^Yfcjej^*iEtirrs. 

[0 07 0] 07«C©|gW©:/-7i^U;^DC*-**lJ 
1ili^g©fi6©IIJS^«*/T^-r^a y i^mxib^. 

[0 07 1] IKD-^'^lyUT.DC^-^nW^imi 
©::^^VU;^DC*-^$tJt5Pi|gi^^c^i;&«. mSM 
'm>liciX7LX. WmsM.. P-i^fiig < - 0) . 43<fe 

immi^^^Kni:. {^x^mmmw^^7-yxmm^^ 
50 [0 07 2] c©«fiS©:/^e^uxDc*-afsaaii^g 



(7) 
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[0 07 3] -eu-c. tm^tifcn-ii&m. (* a) . 
[0074]-:^. a-^as ( " 0 ) {c»^i^t:?ej^ 

[007 51 coJi^Ccfcc^t:. SBEiSB**iE?S»t"^* 

[0 07 6] L.:rc35i-5-C, m*'Jffl^*l^-t3ti-2>Ci 

[0 07 7] E18»C©^W©:^-5->t'^DC*--5'PJ 
[0 07 8] c<D^7->UXDC*-if«Iiai^*501 
fUSIS 1 0 n^S)Et§^*^ffi 5 5^ l l * 

[0 07 9] c<DitfiR©:/5^'^^^DC*-^*llfflI«S 
[0080] 5-^^11 Vzm^^tltc 30 

[ 0 0 8 1 ] MK. m)Efg^*S^Ey 5 ^ 1 1 KS« 

{H9* (A) mi) . mm<^&'^«o-^^ 
mt>nmi>mjmic)&-i}< oq* (c) #m) . c 

(Dig*. lBH;a:^lia^^-c*^t:fca*«[i!S^*:^tf 
<-riCt36S-Cff {094" (B) #M} . :;^7>u;^D 40 

[0 08 2] Ctlit. HI OtC^^ai^K. SEf§^** 
«EIS#«T-C*i>«^ {HI 0« (A) #M} KfcW 
{01 0* (B) mm) titmri>CiK. 

[0 08 3] SEy 5 9df«rffl«<»«S<'^»^®a« 
«5H%^-r->5^U— >3>ife* (SI Itp (A) # 

* J/ a >mm la 1 1 ip ( B ) #m) . to<fccf«ii 50 
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[ 0 0 8 4 ] ^c*j. ^ yj'i-^mtimmmi^f^'^ 

S;*:?^® f - 4Tlf ^ J: ^ «c 3 ttl;!* J; ^ «c 

[0 0 8 5] 01 2»C<D^BB©:^^>'^^DC*-^ 

[0 08 6] C©^^'>W^DC*-^'*fliaJ^SA5S8 

[0087] IL<0%SM1EU 1 2 t^J^tfSEtg^K: 
[0 0 8 8] s^Kiftwr*. 

[ 0 0 8 9 ] 0 1 3 ffl;fJiSJg*«*?!5®*. 

(p-p) />f>^s-3»A^ffi-c**. 

[00901 coDffi»ii%^®«*i^<^^^l^ ' 
»iDti/c«>®-c&0, 3ffl©«^ic*>^g«:gtaifSc 

[0 09 1 ] b/c*S-5-r. «)E*liEg|5 1 2 (C. C©m 
[ 0 0 9 2 1 0 8©:/^i^ D C*- 

*)nmk^vini.xmmiSj5^mm^tii> m 1 4« 

(A) (B) #11} . HI 44" (C) ^SSi^fe 

4. Hi4«f (D) ifiminB.^. -en-enTnutrt* 

[ 0 0 9 3 1 C©ll*6^«-e», H 1 5 * 

(A) <B) «Cn^-rJ:^K:^*liElH5l2K:J;-?-c«ffi 
Jg^^lfiEf -SC-t?. 01 5* (C) Ktt^-^ ^"yVLdi^ 

#i C <!: *S-C # . $IJ® ©^^^^b^J®tt©^^ Ate 
(CP$iJT-S)Ct*5-clrS. ^c4b. hi 54> (D) ifi^ld 

[00941 ±iB®«ll«l«8«K*5C>T»> fiSm. 



03 

^i^Wkf ^> c i ?:*^K:p;5±-r s c i j&jt t? , 
C 0 0 9 5 ] ffSOifljSE^^^:^. ^jgW^tC 

[0096] 

il!|gfil[g«i5e*iii?g{l:LT$iJfflitt*ifii±3-i* 
i*j-ct Sic* ^!^©j8!im*^-rs. 

[0097] sa^2 ©^?9». fttEftJffl^%|nJ±3l* 
[0098] ft ^ 3 ©^W». if 1 $ /c»«*]J 

2 ©eastern. aMgffiH*W)SflPJK:fifo«ct-*ci*ir 20 

[0099] mmm4<DmMit. m^ms (onmicm 

t j!i«-C* s it* •5!^w©5a)**^-r s. 

[0100] n^5(D^mit. mas 1 «>63«^4 

©{5Iti**©^{Cttl;^. I5iefegjtS©3fi!S;&lif*SC 
i3&J-C# S it* ^!NF*©^llt«:#-r S. 

[0101] mmm6<o^mit. mmms iLmm<mm 
[0102] ©^i§tt. mmb tnnomsk 30 

[0 10 3] lil^8©^W». ^^13&>^IS^7 

ci*i-ciriit*'5 !^w©5S!i*4^-r 

[0104] if*^9©^?g». ms.mm^^^±.^^ 

CiJis-c*. t')&*4>IS#©(g«. ^^©|fil±%3ifi£-r-S 

c i 36Jr# i i t > 5 ^w©5ai**^-r -5. . 

[0105] 1 0©I^6I8». SffiWffl^*lSj±3 40 

i*sci*sr#, ^-3f!^tt©iJS*;^iH(c<s«-rsc 

SCiJ&J-C*. 0*feS#©<S«. «(l^©|SlJ:*a<!R-r 

i*i-C#SiC*^!RFW©^IS?:^-rSo 
[0106] 1 1 (om^kt. i»*5S9 
510©^m«:m. aigi5H^ififjii!|{cS£:^^SCi 

[0107] 1 2©^». 1 1 (OmkK. 
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[0108] 1 3©^wi3:. iS3i5S9**e>ii*3S 
1 2©{5in**©^*{cm> @ite<jisifi^©fss*iif«i> 
s c i *i-c # 4 i V * ^ !^©ja**iir * . 
[0109] »^ 1 4©^«. 1 3 ira«© 

[0110] 1 5©^?a». 1 3 ii§i«© 

[0111] mm 1 6©l^», iS^93&>6>ii!*3® 

■r s c i*s-c# Sit* ^!RFW©jS!j**#-r -5, 
[0S©iaWcCgii^] 

[01] C©^W©:/'52^UXDC*-3f*(I®ISSg©— 
[02 ] fiig • jigfJt«gp©«^©-0!l4^^yp V 9 

[0 3 ] m^^mimxm>-m^ncir-:r\i ^ e/sra 
s. 

[04 ] fiig • ^«i^SB©«fiR©f6©«a)>S:^T::^a ^ 

[0 7] C:©^Hg©:/^J-'UXDC*-^r$IJ®i^a©ffe 
©ll;^fil*m-r:/o i» i>m-cibi>, 

[08] C©»??©:/^5^WXDC*-3J©J®SIS©5 
6«:ffi©fliiia8iBI?£^-r:/a ^ i'H^**. 

[09] ^BEJg^© y :/(c J: iym¥im.9K!>mm 

giwrs0-c*s. 

[010] »*:«KR^©*iJn*tf t>^j:t*J8^©a:^3l®l!t 

*m?^TS0-c&s„ 

[011] mm^^<o9 y ^ 7'«:j:saiKffiia©St::^* 
iji?«t-S0-c*s, 

[0121 C©^©:^^i'U>^DC*-^?WiaiSgg© 

$ 6{cffe©^^|«*ir-r --^ i'S-CiSo 
[013] MffiliiE^I^©-0II^^^0t?*S. 
[014] «IE}g^©i' y t» J:SS)E}§^{cMt- S 

«*il&iS^©«il>*SiM-r S0r*S. 

[015] ^im©m^^fg<&i-r>^^*-^^tH:t>mEi© 
[?w)lttl«] 

6 &B-;ae:«isaj 7. i- 

8 i^^SIS 9 

11 «BEy5 7if 12 «ffi*«iEg|5 
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F a'-AC^^) 3H045 M09 AA25 BA12 BA38 CA09 
CAIO CA21 DA05 D^48 EA17 
EA20 EA26 EA37 

5H550 M09 BB02 BB03 BB05 CC05 
DD04 EEIO FF08 GG03 OG05 
GG06 GGIO HA07 HB07 JJ03 
3304 J317 3325 3326 LL14 
LL15 LL22 LL23 LL35 

5H560 BB04 BB07 DA13 DB13 DC12 
DC13 EBOl EC05 GG04 RR07 
SS07 mS UA02 XA02 XA04 
XA05 XAIO 

5H576 AAIO BB02 BB04 W02 DD07 
EEOl EEOa EE19 FF08 GG04 
CXX)5 GC08 HB02 3304 3317 
3323 3325 3326 3328 LL22 
LL24 LL25 LL34 LL41 



